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Abstract
   Non-steroidal anti-inflammatory drugs (NSAIDs) are popular 
amongst various populations to treat a myriad of ailments. 
One common use is to lessen delayed onset muscle soreness 
(DOMS) after intense exercise, generally prevalent in eccentric 
muscle contractions. To date, many studies have been conducted 
investigating the effects of NSAIDs on skeletal muscle hypertrophy 
and function. Existing literature reports very different results and 
conclusions with respect to the effects of these drugs on resistance 
training-induced adaptations in skeletal muscle. To best answer the 
question concerning NSAIDs and functional muscle hypertrophy, 
this review outlines literature and categorizes various factors which 
influence study outcomes. Although the literature examining the 
topic is conflicting, the results seem to vary heavily based on the 
subjects’ characteristics, dosages, and resistance training protocols. 
Specifically, the age can be a pivotal factor in determining the 
response seen from supplementing with NSAIDs. In conclusion, 
NSAIDs may be a smart approach to DOMS for older populations, 
while younger individuals may be limiting exercise-induced skeletal 
muscle adaptations. 
Keywords: NSAID, resistance training, muscle hypertrophy
Abbreviations:
NSAIDs: non-steroidal anti-inflammatory drugs
DOMS: delayed onset muscle soreness
COX: cyclooxygenase
PGH2: prostaglandin H2
PGF2α: prostaglandin F2α 
PGE2: prostaglandin E2
ROS: reactive oxygen species
FSR: fractional synthesis rate
Introduction
   Delayed onset muscle soreness (DOMS) is described as the 
stiffness, pain, or tenderness that exists 1-7 days after a bout of 
intense exercise [1]. DOMS is believed to be caused by trauma, 
which damages the associated myofibrils. This microtrauma then 
leads to a local inflammatory response, and with it, a dull soreness. 
This inflammatory process is a naturally occurring muscle repair 
mechanism leading to the structural and functional adaptations of 
skeletal muscle to resistance training. However, when uncontrolled,
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it can cause excess tissue damage and muscle atrophy, and ultimately 
interfere with normal muscle growth. Generally, DOMS is looked 
at as a negative effect of resistance training, both subjectively and 
objectively. In fact, DOMS has been shown to significantly decrease 
strength/power output, which may be detrimental to athletic 
performance [2].
   To mitigate the pain from the soreness (DOMS), many individuals 
choose to use pharmaceutical interventions, such as non-steroidal 
anti-inflammatory drugs (NSAIDs). Approximately 30 million people 
worldwide are believed to take some form of these drugs every day 
[3]. Popular over-the-counter options include ibuprofen, aspirin, and 
naproxen, with stronger options available by prescription. Because 
these drugs are fast acting and typically out of the system within 24 
hours, many individuals rely on them for daily use. The underlying 
mechanisms by which NSAIDs work may, however, interfere with 
adaptations related to resistance training.
   To date, there is a considerable number of experimental studies 
aiming to investigate whether the use of NSAIDs during following 
exercise interferes with or facilitates normal muscle hypertrophy. 
However, the results are somewhat mixed and largely inconclusive. 
This mini-review focuses on the major variables and other 
confounding factors affecting the association of NSAID use and 
muscle hypertrophy including age, dosage, exercise modality, and 
training history. In addition, principles of muscle damage, muscle 
inflammation and acting mechanisms of NSAIDs will be discussed. 
Response to tissue damage caused by resistance 
training
Mechanism of muscle damage
   Damage to muscle tissue following various types of physical 
exercise has been well-established [4]. There are three types 
of muscle contraction that occur during exercise: concentric, 
eccentric, and isometric. Concentric contractions occur when a 
muscle produces force and the length of muscle shortens. Eccentric 
contractions occur when a muscle produces force as it lengthens, 
due to external forces exceeding those produced by the muscle. 
Finally, isometric contractions involve a muscle producing force 
while maintaining a static length. Eccentrically contracting muscles 
can generally resist more force than they are able to concentrically 
produce. Indeed, eccentric contractions seem to produce the most 
damage when compared to concentric or isometric contractions [5].
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This may be due to the fact that fewer motor units are activated 
during the eccentric muscle contraction, exerting more stress on the 
muscle fibers involved. This increased stress may cause damaged 
T-tubules, leading to inactivation of certain sarcomeres. Although 
there is newer conflicting evidence concerning whether eccentric 
muscle contractions lead to greater hypertrophy [6], there is a general 
agreement that muscle damage caused by loaded stretching is a 
potent stimulator of hypertrophy. Unsurprisingly, various strategies 
are utilized in almost every resistance training regimen to drive 
adaptations associated with such damage.
   There are several structural indicators of muscle damage following 
exercise, which may help explain why damage is a distinct driver of 
hypertrophy. Fridén et al., was the first to  show that exercise causes 
Z-line streaming, where they are broken down and have disrupted 
structure [7]. Later studies suggest that the Z-lines are the weak points 
of the myofibrillar chain, with the anchoring and connecting proteins 
(such as titin and desmin, respectively) being compromised. Such 
disruptions to the Z-lines can then cause overstretched full and half 
sarcomeres, which are no longer at optimal lengths for contraction. 
Such damage to the sarcomeres and contractile elements then leads 
to a local inflammatory response, which is the start of the healing 
process (Refer to an article by Proske & Morgan, 2001 [8] for more 
on structural damage). Moreover, damage to the sarcolemma has 
been shown to be accompanied by increased calcium concentration 
in the cell [9]. The increased intracellular calcium activates several 
proteolytic enzymes, which can further degrade the Z-discs and 
proteins within the muscle fiber.
Inflammatory response in skeletal muscle fibers
   Arachidonic acid metabolites are crucial for regulating 
inflammation. Arachidonic acid is polyunsaturated fatty acid 
that resides abundantly in the cell plasma membrane. There are a 
wide range of arachidonic acid derivatives that are synthesized by 
specific synthase enzymes. Notably, prostaglandins are formed from 
arachidonic acid that are key mediators of inflammation through the 
cyclooxygenase (COX) pathway. The COX enzyme catalyzes the 
reaction in producing prostaglandin H2 (PGH2) The concentration 
of COX is increased significantly following exercise in the muscle. 
PGH2 is further processed to prostaglandin F2α (PGF2α) and 
prostaglandin E2 (PGE2) by PGF2α synthase and PGE2 synthase, 
respectively. Thus, COX enzyme can promote muscle production of 
these two prostaglandins following exercise.
  In skeletal muscle, PGF2α instigates muscle protein synthesis via a 
phosphoinositide 3-kinase/extracellular receptor kinase/mammalian 
target of rapamycin-dependent (PI3K/ERK/mTOR) pathway in a 
PGF2α receptor-dependent manner [10]. A study showed that inhibition 
of PGF2α largely reduces protein synthesis and muscle hypertrophy, 
indicating that PGF2α is important in promoting muscle cell growth 
[11]. In contrast, PGE2 increases the presence of inflammatory 
signals, such as neutrophils, cytkines, and myokines. For instance, 
PGE2, has been shown to increase IL-6 transcription, which is a pro-
inflammatory cytokine associated with increased muscle atrophy 
[12]. PGE2 also stimulates muscle RING finger protein -1 (MuRF-
1) production, which is a proteolytic ubiquitin ligase contributing 
to protein degradation in the atrophic muscle. Rodemann and 
Goldberg (1982) demonstrated that incubating muscles with varying 
concentration of arachidonic acid that increased prostaglandin 
concentration, which then led to increased muscle protein synthesis 
and protein degradation [13]. Together, it is important to note that 
arachidonic acid is important in both muscle growth and atrophy.
   Neutrophil counts increase by over 30% immediately following 
exercise, with levels reaching 86% higher one hour following 
downhill running [14]. Leukocyte concentrations showed a similarly 
significant trend. In addition, myoglobin levels increased by 1800% 
and creatine kinase activity by 420% post-exercise. While it is clear 
that muscle damage occurred, perhaps an important conclusion of this
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particular study was that indicators of neutrophil activation, as well as 
their reactive oxygen species (ROS) production rate, were unchanged. 
Peake et al. (2005) suggests that this may be due to the subjects’ higher 
training experience and exercise protocol, as previous evidence has 
shown an increased oxidative tolerance in trained individuals. On the 
contrary, a large number of studies have produced opposing results. 
Neutrophil-derived ROS increases following eccentric resistance 
training [15]. Neutrophils that infiltrate the tissue can also further the 
physiological destruction through phagocytosis, degranulation, and 
reactive oxygen species production [16]. The ROS produced by the 
neutrophils can lead to the synthesis of additional cytokines, which 
continue the process. It should be noted that cytokine regulation is 
complex and involves several up and downstream processes that 
influence the level of local inflammation [17]. Regardless, there is a 
clear exercise-induced inflammatory pathway involving the elevation 
of specific biomarkers.
Mechanism of action for NSAIDs
   NSAIDs work by inhibiting the COX enzymes, which are 
responsible for the formation of prostaglandins and thromboxone 
from arachidonic acid. More specifically, the COX-1 isoform seems 
to be more implicated in maintaining various normal physiological 
functions, such as maintaining the stomach lining, and can be found 
readily in the body. The COX-2 isoform, however, is associated with 
the inflammatory response following damage [18]. Furthermore, 
COX-2 has been implicated as a crucial component for satellite cell 
proliferation, suggesting its importance to myogenesis. It is unclear, 
however, if COX-2 is induced by the damage related to resistance 
training in humans [19]. Different types of NSAIDs will affect these 
isoforms differently, potentially producing varying responses. The 
first category of NSAIDs are selective COX-1 inhibitors, which 
includes aspirin. The second category are non-selective inhibitors, 
which includes ibuprofen. NSAIDs that selectively inhibit COX-2 
enzymatic activity are the least common, with Celebrex being the 
only one available in the United States. Most studies examine the 
effects of non-specific COX inhibitors (e.g. ibuprofen) and such will 
be the focus of this review paper. Interestingly, there is evidence that 
the dosage of NSAIDs can be manipulated to produce an analgesic 
or anti-inflammatory response. This introduces yet another variable 
that may impact the action of NSAIDs, in response to pain or injury. 
As mentioned above, inhibiting COX enzymatic activity can then 
decrease the level of prostaglandins and associated inflammatory 
response. In addition to finding the important role of prostaglandins 
in muscle synthesis/degradation, Rodemann and Goldberg (1982) 
also noted that the introduction of a non-selective COX inhibitor 
to the experimental setup mitigated the upregulating effects of the 
arachidonic acid [13].
   An important note is the inclusion of acetaminophen (e.g. Tylenol) 
in this category of drugs. Although it is sometimes thought of 
as an NSAID due to its analgesic properties, acetaminophen is 
technically not classified as one, with earlier research suggesting that 
acetaminophen works at the neural level. Thus, it does not impact 
many of the local or systemic inflammatory biomarkers associated 
with the response. These pharmacodynamics are being challenged, 
however, with evidence growing that acetaminophen does impact 
local inflammatory markers. For instance, acetaminophen has been 
proposed to have an inhibitory effect on peripheral COX-2 through 
a different, unknown, mechanism of action [20]. Thus, many studies 
examining the effect of NSAIDs on training induced adaptations use 
acetaminophen as well as ibuprofen. 

Factors affecting NSAIDs effects on skeletal muscle 
adaptations
Age
   Age seems to be a key variable in determining the effects brought on 
by NSAIDs, with different results occurring in different populations.



The NSAIDs are thought to inhibit production of PGE2, which is 
involved in muscle atrophy and muscle inflammation as described 
in the previous section. NSAIDs seem to have widely different 
effects amongst different age groups yet the underlying mechanisms 
are unknown. Trappe's group reported that daily ibuprofen or 
acetaminophen consumption increased muscle volume and strength 
in older adults  [21]. In this study, thirty-six older subjects (mean: 61 
± 1 yr; range: 60 - 78 yr of age) were split into ibuprofen (1,200 mg 
daily over three dosages), acetaminophen (4,000 mg daily over three 
dosages), or placebo groups. The subjects performed three sessions 
of lower body resistance training, consisting of leg extensions, for 
12 weeks. Surprisingly, muscle volume increased to a greater extent 
than the placebo group by ~35%. Upon further analysis of muscle 
biopsies, levels of the COX enzymes were not affected by these 
drugs in the worked muscle, with COX-1 levels increasing across 
all groups.
   The same group followed these findings, specifically implicating 
acetaminophen as a potential enhancer of hypertrophy in older 
adults [22]. The researchers wanted to focus on the effects of daily 
acetaminophen intake on type I and type II fibers, separately. The 
experimental procedure was identical to the previous study, with 
dosage, resistance training protocol, and testing procedure being the 
same. It is important to note that the subjects were the same that 
Trappe used in previous studies that resulted in positive effects from 
NSAIDs [12, 21]. Type I fibers did not change their sizes in the 
placebo group, while increasing by 28% in the acetaminophen group.
   Type II fibers also followed this trend, with the placebo group 
showing 26% growth and the acetaminophen group growing by 37%. 
This suggests that the COX pathway that regulates PGE2 production 
may be more active for a variety of reasons, including enzymatic 
activity, receptor density, and downstream signaling. The authors 
also report an increase in the metabolic enzyme, citrate synthase, 
for the acetaminophen group compared to pre-training values. This 
suggests that prostaglandins are involved in the regulation of protein 
turnover for sarcoplasmic, mitochondrial, and myofibrillar proteins.
   Other studies have also shown the similar positive effects of 
NSAIDs, in terms of adaptations to resistance training. Baldwin, 
Stevenson, and Dudley (2001) reported that daily naproxen sodium 
ingestion by older subjects (60 yrs of age) resulted in decreased 
soreness, impairment on strength, and muscle damage determined 
by MRI [23]. The participants took either 660 mg of naproxen or 
a placebo for 10 days following unilateral eccentric leg extension 
training. After allowing for a 3-week washout period, the same 
procedure was repeated with the contralateral leg. Results showed 
that the drug caused significant improvements in muscle soreness, 
and consequently, less strength loss three days following the exercise 
session. Muscle damage index was 35% higher for the placebo group 
ten days following the exercise. This may suggest that the participants 
using naproxen had a decreased inflammatory response, which may 
lead to decreased secondary damage to the muscle fibers. Although 
the single exercise session was not enough to produce significant 
changes in muscle cross-sectional area, these results further implicate 
NSAIDs as a useful aid in older populations.
   In another study, a resistance training protocol did not show any 
advantage in taking NSAIDs in postmenopausal women [24]. The 
consumption of 400 mg ibuprofen did not produce significant changes 
in muscle size, when taken immediately following whole-body 
resistance training, compared to placebo. Subjects with an average 
age of 57.8 yr were asked to complete the resistance training protocol 
3 days per week for 9 weeks. There were essentially no differences 
between the ibuprofen and placebo groups, when looking at lean 
tissue, muscle thickness, and strength. It should be noted that the 
dosage in this study was lower compared to that which has been shown 
to have positive effects in older populations. A study by Petersen et 
al. (2011) showed similar results [25]. In the study, 36 participants
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(Mean age: 62.3 yr; range: 50-70 yr of age) were split into either an 
ibuprofen, glucosamine, or placebo group, and all performed three 
sessions per week of resistance training (leg press and leg extension) 
for 36 weeks. The study showed that 1,200 mg of ibuprofen daily did 
not alter quadriceps hypertrophy, as cross-sectional area increased 
similarly for all three groups. Somewhat counterintuitively, dynamic 
and isometric strength was shown to increase more in the ibuprofen 
group compared to the placebo. In addition, results unique to 
the ibuprofen group included decreased c-reactive protein levels 
(unchanged in other groups) and unchanged levels of cholesterol 
(decreased in other groups). It can be concluded, then, that ibuprofen 
intake may influence certain inflammatory markers but does not 
necessarily manifest through increased hypertrophy. 
   In younger muscles, NSAIDs tend to show decreased hypertrophic 
adaptations to resistance training. For example, Dudley et al. (1997) 
showed in young male adults (No age data was provided) that 660 
mg of naproxen sodium hindered the acute hypertrophy associated 
with eccentric leg extensions [26]. In this study, each participant 
performed 10 sets of 7-10 repetitions at 85% of their measured 
1-repetition maximum. In this cross-over design, they were given the 
naproxen drug or placebo to take every day for 10 days and a 2-week 
washout period ensued, before the other leg was given the remaining 
treatment. Although the participants in the drug group displayed 
diminished hypertrophy, they did show less of a strength decrement 
in 4 days after the exercise protocol. At day 4, strength levels were 
only 24% below baseline for the naproxen sodium group, while the 
same measurements were 45% below the baseline for the placebo 
group. Similarly, ratings of soreness were increased at day 4 for the 
placebo group, while soreness continually decreased for those in the 
experimental group. These may be important details, since certain 
populations, like athletes, may be more concerned with subjective 
feelings of discomfort and the subsequent strength levels rather than 
hypertrophy.
   In addition, Trappe et al. (2001) provided a more in-depth look at the 
physiology underlying such differences. Twenty-four young males 
(mean age was 25 ± 3 yr) were divided into a placebo, ibuprofen, or 
acetaminophen and underwent 10 sets of 10-14 eccentric leg extensions 
at 120% of their concentric 1 repetition maximum. In the drug groups, 
maximum recommended daily dosages were consumed immediately 
following exercise. In muscle biopsy samples, PGF2α levels for the 
ibuprofen and acetaminophen groups remained unchanged, while 
increasing in the placebo. PGE2 levels actually decreased from 
baseline levels in the acetaminophen group, although they were still 
non-significantly less for the ibuprofen group compared to placebo. 
These results are partly expected, as COX inhibition should decrease 
the production of these prostaglandins. Unfortunately, it is hard to 
explain the unique effects of acetaminophen and why ibuprofen did 
not result in the same decreases. The physiology behind the extent 
to which each prostaglandin is reduced in skeletal muscle is largely 
unknown.
Dosage
   Most studies, especially those that examine the relatively acute 
effects, tend to use dosages closer to the maximum recommended 
daily dose. For ibuprofen, that is 1,200 mg per day, while it is 4,000 
mg for acetaminophen. Generally, studies show that ibuprofen 
consumption does decrease markers of muscle damage following a 
resistance training protocol. Pizza et al. (1999) showed that acute 
consumption of ibuprofen decreased creatine kinase levels, following 
one-arm eccentric training [27]. In this study, ten untrained subjects 
(no age data provided) were given 2,400 mg of ibuprofen per day 
for 5 days prior to exercise and during a 10-day recovery period 
following 25 forced eccentric biceps contractions. Interestingly, 
there was no effect on neutrophil response. This is contrary to other 
findings and the intuitive conclusion that neutrophil response may be 
impaired while using ibuprofen.



   Building off these preliminary results, Trappe et al. (2002) found 
that ibuprofen blunted the fractional synthesis rate (FSR) by 41% 
in eccentrically trained muscle, when compared to placebo [28]. 
Twenty-four untrained subjects (25 ± 3 yr of age) were randomly 
assigned into three groups: ibuprofen, acetaminophen, and placebo. 
Each subject performed 10-14 sets of 10 reps of supramaximal single-
leg eccentric leg extensions. Those in the ibuprofen group took 1,200 
mg (the maximal recommended daily dosage) for 10 days following 
the resistance exercise training, while those in the acetaminophen 
group took 4,000 mg. Surprisingly, creatine kinase levels amongst the 
groups were similar to the exercise group, although it appears that the 
levels in the ibuprofen group may show a non-significant decrease. 
This may be due, at least in part, to the subjects not taking the drug 
prior to performing the exercise. The main takeaway, however, is that 
the FSR was unchanged in the acetaminophen and ibuprofen groups, 
while increasing significantly in the placebo group. Upon further 
examination, this response is in accordance with PGF2α levels. This 
shows that short-term ibuprofen consumption following resistance 
training decreases protein synthesis at the cellular level, which may 
lead to decreased hypertrophy in the longer-term.
   One of the few studies using a submaximal dosage showed little 
effects of NSAIDs on muscle hypertrophy. Krentz et al. (2008) 
studied eighteen young resistance training subjects (24.1 ± 0.6 yr of 
age) who ingested 400 mg of ibuprofen after training one arm and a 
placebo following training the other arm on the next day [29]. Each 
training session took place for 5 days per week for 6 weeks. Although 
there were time effects present for muscle thickness and strength, 
there were no significant differences found between the placebo and 
ibuprofen arms. The dosage seems low since the drug would be out of 
the body by the time of the next dosage. There could also be systemic 
reactions that NSAIDs affect, which may explain why no significant 
results were found using this experimental design. Moreover, this 
may not depict a realistic model of NSAID consumption, as chronic 
usage of NSAIDs are more prevalent in older populations.
   In summary, although there is a scarcity of research using smaller 
dosages, it seems that any blunting effects of NSAIDs are not present 
in such circumstances. Near-maximal dosages may hinder short-
term protein synthesis, however there is still conflicting evidence 
regarding prolonged hypertrophy and so dosage may not be the most 
critical factor, assuming it is at or near the maximum recommended 
amount.
Other factors influencing NSAIDs effects on muscle hypertrophy
   Intuitively, subjects with previous training experience may be less 
prone to extreme muscle damage. In the literature, there seems to be 
a lack of results stemming from individuals with resistance training 
experience. However, one example of this can be seen in the study by 
Krentz's group, in which all subjects had previous resistance training 
experience [29]. This is based off the thought that they will be able 
to neurally adapt quicker, and consequently provide more reliable 
results concerning hypertrophy. This previous training experience 
may have influenced the inflammation associated with the exercise 
protocol since data showed that more experienced athletes tend to 
show fewer signs of muscle damage.
   Although there lacks research regarding whole-body resistance 
training, it is possible that an exercise protocol rich in compound 
movements can induce higher levels of inflammation. Compound 
movements inherently induce a higher number of muscles undergoing 
contractions, potentially leading to an elevated inflammatory 
response. Most exercise organizations recommend such progressively 
loaded compound exercises to be a key aspect of resistance training 
programs. The American College of Sports Medicine (2009) 
recommends the inclusion of both isolation and compound exercises, 
with compound movements being prioritized in exercise bouts [30]. 
Programs rich in compound movements are commonly utilized in 
real-world applications, such as rehabilitation and strengthening
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settings. As such, many of the aforementioned findings may not be 
clinically relevant.
   Some studies used a rodent resistance exercise model to elucidate 
potential underlying mechanisms regarding how NSAIDs affect 
muscle inflammation and muscle damage following exaggerated 
muscle contraction. Soltow and colleagues (2006) examined the 
effect of ibuprofen on muscle enlargement in Sprague-Dawley rats. 
This study utilized an overload model for the  plantaris muscle 
constructed by surgically removing the soleus and gastrocnemius 
muscles. Rats in the experimental group were given ~20 mg/kg/
day dose of ibuprofen in drinking water, which is comparable to a 
high dosage in human. After 14 days of regular cage activity, muscle 
hypertrophy was blunted by 30% in the ibuprofen treatment group 
[31]. Bryant et al. (2017) noted a direct negative effect of ketorolac 
tromethamine on muscle repair following electrically stimulated 
contractions in mice [32]. This prescription NSAID was selected, as 
it has a similar mechanism of action as ibuprofen and is prescribed 
to adults with moderate to severe muscle pain. Nine female mice 
were used, where tibialis anterior was electrically stimulated (10-12 
volts, 100-150 Hz for 400 ms every 30 seconds for 25 minutes per 
session). Two days after the single contraction session, the mice were 
injected with 7.5 mg/kg of ketorolac and the muscles were examined 
7 hours later. The authors bring up an intriguing point concerning the 
methods, in that the timing of the dosage mimics a real-life scenario 
where an individual takes an NSAID when soreness is greatest (e.g. 
2 days post resistance training). As has been suggested by others, 
COX-1 and COX-2 levels increased following this exercise model. 
The administration of ketorolac significantly decreased COX-
2 levels, with COX-1 levels being unaffected. The researchers 
also found decreased biomarkers of metabolism and transport, 
myogensis, and sarcolemma/myocytoskeletal repair after the NSAID 
was introduced. Along with this, several indicators of anti-apoptosis 
were downregulated by the ketorolac. This supports the notion that 
COX inhibitors can influence myotubular response and hypertrophy 
in a negative manner, assuming that the drug does actually interrupt 
the enzymatic activity to the same degree in humans.
Conclusion
   Currently, there seems to be a fascinating divergence in the 
direction of the effects seen with NSAID consumption on skeletal 
muscle adaptations. Age presents as the most influential factor in this 
equation, with older individuals appearing to benefit from NSAID 
supplementation during a resistance training regimen. (Table 1) The 
older population may show benefits from taking NSAIDs due to 
their increased levels of chronic inflammation and increased rates 
of skeletal muscle protein degradation. In fact, this area of research 
is shifting to specifically examine NSAID usage as a pharmaceutical 
intervention for preventing age-related sarcopenia and atrophy. 
Dosage may also prove to be an important factor, with maximum 
daily dosages leading to the most substantial effects. The practicality 
of these findings must be considered, since consistent high dosages 
of NSAIDs can lead to other health complications, such as those 
in the stomach and digestive tract. Unfortunately, most studies 
examining the topic seem to focus on the more acute, rather than 
long-term, changes. In addition, the resistance training protocol can 
also influence responses. Many animal and human studies did not 
implement realistic progressive overload programs, as the main goal 
of the exercise interventions was generally to produce substantial 
muscle damage.
   A suitable progressive resistance training program should gradually 
accumulate volume over time, which should attenuate such responses. 
Neither American College of Sports Medicine nor The National Strength 
and Conditioning Association, recommend practicing a training 
modality that stresses a single muscle group [30]. However, heavily 
loaded isolation exercise was investigated in most of the studies, with 
little influence of compound exercise. This is an important limitation.
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Age

No. of 
subjects 
(M/F)

 
Dosage

 
Resistance Training 

Program

Type of 
muscle 

contraction

Muscle adaptations
Training statusm. 

hypertrophy
m. 

strength

Dudley et 
al, 1997 

[26]

Young 
adults

9 (9 / 0)
NPX: 660 mg/d

CTR: n.a.

Knee extension
(10 sets of 10 reps at 
85% 1RM, 1 session)

Isotonic
(Concentric 
& Eccentric)

NPX < CTR NPX < CTR Sedentary

Pizza et al, 
1999 [27]

Young 
adults

10 (10 /0)
IBU: 2.4 g/d

CTR: n.a.
Arm curl exercise

(2 sessions within 3 wk)
Isotonic

(Eccentric)
n.a. IBU = CTR Sedentary

Trappe et 
al, 2002 

[28]

24 ± 3
26 ± 4
25 ± 3

8 (8 / 0)
8 (8 / 0)
8 (8 / 0)

IBU: 1.2 g/d
ACET: 4 g/d

CTR: n.a.

Knee extension
(10-14 sets of 10 reps at 
120% 1 RM; 3d/wk for 

12 wk)

Isotonic
(Eccentric)

IBU < CTR
ACET < CTR

IBU < CTR
ACET < CTR

Sedentary

Krantz et 
al, 2008 

[29]

24 ± 
0.6

18 (12 / 6)
IBU: 0.4 g/d

CTR: n.a.

Arm curl exercise
(6 sets, 4-10 reps, 5 d/wk 

for 6 weeks)

Isotonic
(Concentric 
& Eccentric)

IBU = CTR IBU = CTR Sedentary

Trappe et 
al, 2011 

[21]

64 ± 1
64 ± 1
67 ± 2

13 (9 / 4)
11 (7 / 4)
12 (8 / 4)

IBU: 1.2 g/d
ACET: 4 g/d

CTR: n.a

Knee extension
(5 sets of 15 reps at 

various intensity, 3d/wk 
for 12 wk)

Isotonic
(Eccentric)

IBU > CTR
ACET > CTR

IBU > CTR
ACET > CTR

Sedentary

Petersen 
et al, 2011 

[25]

62 ± 3
61 ± 5
63 ± 5

12 (7 / 5)
11 (7 / 4)
12 (8 / 4)

IBU: 1.2 g/d
GLUC: 1.5 g/d

CTR: n.a.

Knee extension
(4-5 sets of 8-15 reps at 
various intensity, 3d/wk 

for 12 wk)

Isotonic
(Eccentric)

IBU = CTR
GLU = CTR

IBU > CTR
GLU > CTR

Sedentary
(Osteoarthritis)

Candow 
et al, 2013 

[24]

58 ± 5
56 ± 4

15 (0 / 15)
15 (0 / 15)

IBU: 400 mg/d
CTR: n.a.

11 whole body resistance 
exercise 

(3d/wk for 9 wk)

Isotonic 
(Eccentric)

IBU = CTR IBU = CTR
Sedentary

(Postmenopausal)

Trappe et 
al, 2013 

[12]

64 ± 1
64 ± 1
67 ± 2

7 (7 / 0)
10 (9 / 1)
9 (8 /1)

IBU: 1.2 g/d
ACET: 4 g/d

CTR: n.a.

Knee extension
(3d/wk for 12 wk)

Isotonic
(Eccentric)

IBU > CTR
ACET > CTR

IBU > CTR
ACET > CTR

Sedentary

IBU: ibuprofen; ACET: acetaminophen; GLUC: glucosamine; NPX: naproxen sodium; CTR: placebo; 1 RM: 1 repetition maximum
Table 1. Factors affecting NSAIDs effects on skeletal muscle adaptations to resistance training

   Although these exercise modalities may provide a mechanism to 
determine physiologic responses, they are not generalizable to a 
normal bout of resistance exercise, which either consists of multiple 
upper body, lower body, or whole-body exercises. Moreover, there 
are different methods to induce skeletal muscle hypertrophy, such as 
metabolite training (i.e. blood flow restriction), that do not rely on 
muscle damage. These alternative drivers of muscle adaptations may 
not be influenced by such drugs. Finally, short-term NSAID use may 
be a valuable recovery tool for athletes. NSAIDs taken following 
exercise leads to decreased perception of soreness, which can lead 
to less of a decrement in athletic performance. More research is 
needed to examine the long-term effects of NSAID supplementation 
in various populations, particularly those of older age and trained 
athletes.
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